Abstract Phytochemicals extracted from flowers, roots and bark, leaves, and other plant sources have been used extensively throughout human history with varying levels of efficacy in prevention and treatment of disease. Recently, advanced methods for characterization and clinical use of these materials have allowed modern understanding of their properties to be used as immunomodulatory agents that act by enhancement of endogenous cytoprotective mechanisms, avoiding interference with normal physiologic signaling and highly effective medical treatment with minimal adverse side effects. Simple methods have been identified for improving their biological effects, such as thermal conditioning by heating or freezing-prominent example being heat treatment of lycopene and tetrahydrocannabinol. The present investigation shows improvement of the ability of heat to augment splenocyte proliferation, natural killer (NK) cell activities, and antioxidant capacity of the flavonoid luteolin-7-O-β-glucoside (L7G) in comparison with the native (non heattreated) molecule, while further demonstrating that both the native and the heat-treated variants exhibit comparable antioxidant properties, as evidenced by their effects in macrophages by inhibition of nitric oxide production and lysosomal enzyme activity in experiments that strengthen lysosomal membrane integrity. Outcomes of these studies suggest that heat-treated L7G shows promise for use in immunotherapy, including anti-cancer regimens, as shown by its improvement of NK cell cytotoxicity.
Introduction
Since the middle of the last century, it has been evidenced that the immune system can recognize and reject tumors. Immunotherapy, which involves the cancer patient's immune system by improving its ability to recognize the tumor or providing a missing immune effector functions, is one treatment approach that holds promise of a life-long cure (Finn 2012) . Besides, the immunotherapy is a potential application as a treatment for inflammatory bowel disease (Geem et al. 2015) . Therefore, it is important to discover items that help to modulate the immune system, to protect our body from bacterial infections, inflammatory diseases, and tumor development such as plants or molecules that are widespread in plants. Some epidemiological studies have shown that consuming fruits and vegetables rich in phenolic compounds leads to a general well-being of consumers (Gil et al. 2000) . The antioxidant capacity of phenolic compounds plays a role in healthpromoting capacity (Mellor and Naumovski 2016) . In fact, during periods of stress such as drought or sun exposure, many polyphenols produced by plants contribute to stress tolerance for animals that consume them. This phenomenon of xenohormesis is a more conjectural theory, in general suggesting that animals and fungi are able to sense chemical signals produced by plants and other autotrophs in response to stress. Thus, secondary metabolites such as resveratrol and quercetin, produced by plants in response to stressors, act as physiologic signals within animals that consume them, which have evolved to activate endogenous cytoprotective processes in the animals, thus conferring survival advantages. Moreover, this model predicts that such Bxenohormetic^molecules interact with conserved domains in cellular proteins critical for regulation of stress responses, as agonists, antagonists, and other means by which cellular activities are affected in ways that promote whole organism survival. This might explain the variety of underlying action mechanisms of molecules, which all serve to protect the animal consumer (Baur and Sinclair 2008; Hooper et al. 2010; Howitz and Sinclair 2008) . During times of stress, plants synthesize many polyphenolic molecules that stimulate sirtuins. In fact, several polyphenols are able to interact with the mammalian sirtuin genes that regulate a number of transcription factors (p53, NF-κB, PPAR) which play key roles in stress responses, cell metabolism, and differentiation (Greiss and Gartner 2009) . In this context, survival pathways in animals have retained the ability to respond to plant stress signaling molecules, as they provide useful predictions about the state of the environment and/or the food supply (Kennedy 2014; Leonov et al. 2015; Zhang and Tsao 2016) . This ability would permit organisms to get ready and survive adversity. These benefits have been attributed to phenolic compounds which enhance the host stress responses (Allard et al. 2009; Lamming et al. 2004 ), particularly flavonoids which are relatively abundant in human diet (Batra and Sharma 2013) such us luteolin-7-O-β-glucoside (L7G) also known as cynaroside. This flavone possesses a wide range of biological activities including cytotoxic, anti-cancerous (Ahmed and Kamel 2014; Baskar et al. 2011) , and antiinflammatory potentials (Francisco et al. 2014) . Furthermore, cynaroside presents antioxidant (Olennikov et al. 2013 ) and antimicrobial activities (Žemlička et al. 2014) . The 7-O-glucoside luteolin is present in aqueous artichoke extracts (Wittemer et al. 2005) , flower buds of Lonicera japonica (Hu et al. 2015) and Bidens parviflora Willd (Li et al. 2008) , and apple fruits (De Paepe et al. 2013) . Previous studies dealing with thermal stability of several plant molecules reported that heat treatment of some flavonoids as rutin, naringin, eriodictyol, and mesquitol (Chaaban et al. 2017) and pigments as lycopene (Vallverdu-Queralt et al. 2015) improved their antioxidant activity. Thus, we undertook in this study to investigate the effect of thermal processing, such as that undergone during transformation steps of raw material to finished products, of L7G, and to evaluate the involvement of its heat treatment in improving their potential cancerous preventing capacity by enhancing its cellular antioxidant activity, as well as its immunomodulatory potential.
Materials and methods

Reagents
Native and thermally treated luteolin-7-O-β-glucoside was provided by the Laboratory of Biomolecular Engineering, ENSAIA-INPL, University of Lorraine, Vandoeuvre-lès-Nancy.
Thermal treatment
The treatment of luteolin-7-glucoside was conducted at 130°C in an oil-based bath for 2 h within Biomolecular Engineering Laboratory at the University of Lorraine, France (Chaaban et al. 2017) . Flavonoids were diluted in dimethylsulfoxide (DMSO) stock solutions prior to addition to cell culture medium. The final concentration of dimethylsulfoxide (DMSO) never exceeded 0.1% (v/v).
Animals
Specific pathogen-free male BALB/c mice (20-22 g) were obtained from Pasteur Institute (Tunis, Tunisia). The mice were housed under standard conditions of temperature, humidity, and light (12 h light/dark) in an accredited pathogenfree facility. They were fed a commercial pellet diet and water ad libitum throughout the experiment period. All experiments were performed in accordance with the guidelines for the care and use of laboratory animals as published by the National Institute of Health. All experiments received the explicit approval of the Ethics Animal Committee in Tunisia.
Preparation of primary splenocytes
Spleen mice lymphocytes were obtained as previously reported (Limem et al. 2011) . After washing with phosphatebuffered saline (PBS, pH 7.4), cells were resuspended in complete RPMI medium (Gibco BRL) containing 10% fetal bovine serum (FBS; Gibco) and 100 mg/ml gentamicin (Gibco BRL, Paisley, UK). Other mice were used to provide peritoneal macrophages as previously reported. Cell viability was assessed using the trypan blue exclusion technique.
Cell treatment
Splenocytes (5 × 10 6 cells per ml) were treated with various concentrations of molecules, then supplemented separately with optimal concentration of lectin (5 μg/ml) or lipopolysaccharide from Escherichia coli 0127:B8 (LPS) (5 μg/ml), for priming T cells and B cells, respectively. Macrophages (3 × 10 5 cells per well) were incubated with various concentrations of flavones with or without a unique concentration of LPS (5 μg/ml) solubilized in RPMI 1640 medium supplemented with 10% FBS and 100 mg/ml gentamicin (Manosroi et al. 2003) . Cells were maintained at 37°C in a 5% CO 2 -humidified incubator.
Lymphocyte T and B proliferation assay
Lymphocyte proliferation assay was measured by the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay (Mosmann 1983) . Splenocyte suspension, in RPMI 1640 medium (5 × 10 6 cells/ml; 100 μl aliquot/well), was pre-incubated in a 96-well plate for 24 h, before the adding of mitogens (LPS or lectin, each at 5 μg/ml) and tested compounds solubilized in RPMI. Cells were then incubated at 37°C in a humidified 5% CO 2 atmosphere for an additional 48 h. Thereafter, 40 μl of MTT (5 mg/ml) was added to RPMI solution and incubated for 2 h at 37°C. Plates were then centrifuged again, and the MTT removed from each well was dissolved in 100 μl of dimethylsulfoxide (98% DMSO). After incubation at 37°C for 15 min, absorbance of formazan, formed in each well, was measured at 570 nm in a microplate reader (Thermo Scientific, Vantaa, Finland) . The percentage of proliferation was finally calculated using the following equation:
Natural killer cell activity NK cell activity was established as previously described by Sarangi et al. (2006) , with minor modifications. Briefly, spleens prepared as described above were exploited as the source of effector cells; isolated splenocytes were seeded into 96-well microtiter plates at 5 × 10 6 cells/ml. The cells were then stimulated by different concentrations of the tested samples and incubated at 37°C in 5% CO 2 atmosphere for 24 h. To eliminate direct effects of samples on target cells, spleens were washed once with RPMI 1640, then 100-μl aliquots of target K562 cells (5 × 10 4 cells/ml) were added to each well. The plates were then incubated for 4 h, at 37°C in 5% CO 2 atmosphere. Three kinds of controls were achieved: target cell control (K562 cells), blank control (splenocytes incubated with K562 cells), and effector cell control (splenocyte cells). NK cell activity was calculated as follows: and Abs E ¼ absorbance value of untreated splenocytes:
Cytotoxic T lymphocyte assay Cell-mediated cytotoxicity assay was achieved using MTT assay. Cytotoxicity of T lymphocytes was assessed as previously described for NK cell activity, with modification of target cells. In fact, B16F10 melanoma cells (5 × 10 4 cells/ml; yielding a 100:1 expected effectortarget ratio) were added to each well, as target cells, in 50-μl aliquots. The plates were then incubated for 24 h at 37°C in 5% CO 2 atmosphere. Cytotoxic T lymphocyte (CTL) activity was calculated as follows: CTL activity (%) = 100 × (Abs T − (Abs S − Abs E)) / Abs T; where Abs T = absorbance value of target cells (B16F10), Abs S = absorbance value of test samples incubated with splenocytes and B16F10 cells, and Abs E = absorbance value of untreated splenocytes.
Assessment of lysosomal enzyme activity
Lysosomal enzyme activity (reflected by acid phosphatase activity in macrophages) was determined as previously described by Manosroi et al. (2005) , with some modifications. This activity was measured at 405 nm in a microplate reader (Thermo Scientific, Vantaa, Finland). The absorbance values obtained were compared with control cells.
Measurement of nitrite production
The amount of NO released by macrophages was measured by determining the amounts of accumulated nitrite (NO − 2 ) in cell-free supernatants, via the Griess reaction (Green et al. 1982) . Cells were incubated for 48 h in the presence of increasing concentrations of the tested samples, and NO production was determined by measuring absorbance of 100 μl of harvested culture supernatant incubated for 15 min with 100 μl of Griess reagent at 570 nm. The absorbance values obtained were compared with positive control cells treated with LPS.
Assessment of lysosomal membrane permeabilization
Acridine orange (AO) staining was performed to label lysosomes as described previously with some modification (Persson and Vainikka 2013) . Briefly, macrophages were seeded at a density of 5 × 10 4 cells per well. Triplicate wells were then treated with 10 μl of each sample with 1 μl of acridine orange (0.1 mg/ml). After 15 min incubation, fluorescence of each well was determined using a fluorescence microplate reader (BioTek, Winooski, USA) with 538 nm emission and at 485-nm excitation filters. Plates include triplicate control wells with macrophages treated with AO; blank wells contained cells with PBS and sample wells contained macrophages incubated with native or heated L7G and AO. The percentage of lysosome permeability (LP) was calculated as follows:
Macrophage-mediated cytotoxicity assay
Macrophage-mediated cytotoxicity (MMC) was performed as previously reported by Ferrari et al. (1990) with slight modifications. Peritoneal macrophages (1.5 × 10 5 cells per well) were pre-incubated for 16 h at 37°C in a 5% CO 2 -humidified atmosphere, then treated with tested concentrations during 24 h. Afterward, target B16-F10 melanoma cells (10 4 cells per well; yielding a 15:1 expected effector-target ratio) were added to each well. Cells were then incubated at 37°C for an additional 24 h. Controls are macrophages incubated with target cells. Macrophage-mediated cytotoxicity activity was then measured using an MTT assay. MMC activity was calculated as follows:
AbsT; where AbsT Cellular anti-oxidant activity assay Cellular anti-oxidant activity (CAA) assay, developed by Wolfe and Liu (2007) , was employed to measure the antioxidant potential of the tested samples. Briefly, splenocytes and macrophages were seeded at a density of 5 × 10 5 and 6 × 10 4 cells per well, respectively (in 100 μl PBS). Triplicate wells were then treated with 10 μl of each sample and 5 μl of a 25-μM solution of 2′,7′-dichlorofluorescin diacetate (DCFH-DA; Fluka, Steinheim, Germany). After 1 h incubation, a 100-μl aliquot of 600 μM solution of 2,2′-azobis(2-amidinopropane) dihydrochloride (ABAP) (Sigma-Aldrich, Steinheim, Germany) in PBS was applied to the cells. In this method, DCFH-DA is taken up by cells and deacetylated to DCFH (2′,7′-dichlorofluorescin). Peroxyl radicals generated from ABAP lead to the oxidation of DCFH to fluorescent dichlorofluorescin (DCF 
where ∫SA is the integrated area under the sample fluorescence versus time curve, and ∫CA is the integrated area under the control fluorescence versus time curve.
Statistical analysis
Data are expressed as the arithmetic means ± SD of three independent experiments. The statistical significance was evaluated by the two-way ANOVA test, using GraphPad Prism software version 6.01. P values less than 0.05 were deemed as significant.
Results hL7G modulates proliferation of T and B lymphocytes
The first set of analysis examines the impact of luteolin-7-Oglucoside and its derivatives issued from thermal treatment on activation of murine splenocytes. It appears that splenocyte proliferation increases significantly in the presence of hL7G compared to L7G (Fig. 1a) . In fact, hL7G increases both B and T lymphocyte proliferation compared to L7G, except at the highest tested concentration, where we observed a comparable proliferation of the B lymphocytes, whereas a better proliferation of T lymphocytes was obtained with L7G. Native molecule decreases significantly B lymphocyte proliferation compared to the control cells incubated with LPS (Fig. 1b, c) , whereas hL7G induces significantly B cell proliferation only at the lowest tested concentration (1.12 μg/ml), compared to control cells incubated with LPS (Fig. 1b) . The proliferation of T lymphocytes increases significantly, only when exposed to the highest tested concentration of L7G (4.48 μg/ml), as compared to cells incubated only with lectin. While, when exposed to hL7G, T cells proliferate in an inverse dose-dependent manner compared to control cells incubated with lectin.
hL7G enhances the cytotoxicity of T cells
To further compare the immunomodulatory effects of native and heated L7G, we evaluated the cytotoxic effect of CTLs on target cells by co-culture of splenocytes with B16F10 tumor cells, as CTL-sensitive cells. It appears that cells treated with 4.48 μg/ml hL7G as well as cells incubated with decreasing doses of native L7G exhibited a significantly higher cytotoxicity than those incubated with B16F10 target cells only (Fig. 2a) . Thus, native molecule seems to be more significantly efficient than the heated one, in inducing T cell cytotoxicity. It is very important to note that both L7G and hL7G provoked no direct cytotoxicity against B16F10 tumor cells, indicating that T cells are responsible for B16F10 lysis.
hL7G decreases natural killer cell activity
We evaluated NK cell activity and specially its cytotoxic potential against cancerous target cells by co-culture with K562 cells, which are NK-sensitive cells. We firstly revealed that splenocytes displayed a weak cytotoxicity, about 14%, against K562 tumor cells. NK cell activity was significantly enhanced by both L7G and hL7G in a dose-dependent manner as compared to the control cells. Whereas, hL7G was more efficient in enhancing NK cell activity than L7G except at the highest tested concentration (4.48 μg/ml). It is very important to note that both molecules provoked no direct cytotoxicity against K562 tumor cells, indicating that NK cells are responsible of K562 lysis. The ability of native and heated L7G to inhibit the release of nitric oxide (NO) was measured through nitrite formation, which is a stable breakdown product of NO. It appears from our results (Fig. 3a) that the different tested concentrations of L7G and hL7G reduced significantly in a dose-dependent manner the nitrite accumulation in peritoneal macrophages cultured in the presence of LPS.
hL7G modulates cellular lysosomal enzyme activity
Native and heated L7G decreased markedly, in a dosedependent manner, macrophage lysosomal activity (Fig. 3b) . 
hL7G ensures the integrity of lysosomal membrane
The permeabilization of lysosomes was analyzed by measuring the emission of green fluorescence, which is indicative of leakage of AO from the acidic compartment into the cytosol. Both L7G and hL7G at the concentration of 4.48 μg/ml induce remarkable decrease in green fluorescence in comparison with untreated cells (Fig. 4) , revealing a reduction of lysosome content leakage. On the other hand, hL7G was more efficient in preserving lysosomal membrane integrity, as evidenced by the decrease of green fluorescence obtained with 1.12 and 2.24 μg/ml of hL7G compared to the native molecule.
hL7G reduces macrophage-mediated cytotoxicity
Macrophage-mediated cytotoxicity was assessed by coculturing peritoneal macrophages with B16F10 tumor cells. By comparing with the control cells (macrophages incubated with B16F10 target cells), a significant reduction of macrophage cytotoxicity was detected at 4.48 μg/ml of native L7G and 2.24 and 4.48 μg/ml of hL7G (Fig. 5) . Whereas L7G exhibited more important cytotoxicity than hL7G.
hL7G expands the cellular antioxidant activity of splenocytes and macrophages
Native and heated luteolin 7-O-glucoside was able to inhibit the oxidation of DCFH in macrophages, by 72.81 and 72.32%, respectively, at 4.48 μg/ml. Native L7G exhibited stronger CCA compared to the heated molecule (Fig. 6a) . The mean effective concentrations (EC50) for heated and natural L7G were 2.31 and 0.07 μg/ml, respectively. On the other hand, treated cynaroside was more efficient in protecting splenocytes against peroxyl radical-induced oxidation compared to native molecules. The EC50 obtained with both treated and untreated L7G were 2.61 and 4.03 μg/ml, respectively.
Discussion
The immune system is the ultimate defense against infectious diseases and tumor and cancer growth. Modulation of immune response through stimulation or suppression may help in maintaining a disease-free state. For the above reasons, we focused on how L7G can modulate lymphocyte and macrophage responses as well as other inflammatory mediators. Nevertheless, numerous studies reported that thermal conditioning of molecules by heating, a necessary step in transformation of human diet from raw materials to finished products, should improve their biological effects (Boileau et al. 2002; Chaaban et al. 2017; Vallverdu-Queralt et al. 2015) . In this study, we investigate the effect of heat processing on biological activities of L7G. We compared the immunopotential of both native and heated L7G by assessing their effect on murine splenocyte proliferation. It appears from our results that heating ameliorates splenocyte proliferation induced by L7G, and specially T cells, making them interesting candidates to be used in immunotherapy approach. This is a new approach which consists of inducing anti-tumor immunity by enhancing CD4 + and CD8 + T cells and thus inhibiting tumor expansion as described by Leavy (2012) . It has been recorded that immunological methods that remove and/or activate anti-tumor immunity can be very effective in the treatment of cancer (Zhou 2014) .
Natural killer cells are a component of the innate immune system with the capacity to kill cells and produce cytokines through the interaction of several cell receptors with their cognate ligands (Caligiuri 2008; Warren and Smyth 1999) . NK cells recognize and destroy cells lacking self-MHC molecules (Ljunggren and Karre 1990) . Many studies have shown that flavonoids can stimulate NK cytotoxic activity (MokdadBzeouich et al. 2016) . CTL cells are also necessary for defense against viral infections and cancer processes. They constitute the major anti-tumor effector population and are recognized for their involvement in host resistance against tumor growth and dissemination (Whiteside and Herberman 1995) . It is well known that CTLs are involved in the FAS-FASL pathway to eliminate self-reactive lymphoid cells, whereas NK cells are involved in the granulocyte-exocytosis pathway using perforin and granzymes with various substrate specificities secreted by exocytosis to induce the apoptosis of target cells (Trapani and Smyth 2002) . In this report, we have demonstrated that heated L7G promotes more efficiently natural killer cytotoxicity, against erythromyeloblastoid leukemia K562 cells, than T lymphocyte cytotoxicity against murine melanoma B16F10. These results suggested potential synergistic effect of hL7G upon cytolytic proteins (granzyme, perforin) to kill the cell targeted. In this study, we noticed that the cytotoxicity of lymphocyte is obtained only at the highest tested concentration of hL7G, while NK cell activity occurred at all the tested doses. This may be due to an early activation of NK cell activity; however, CTL activity will be targeted later. In fact, Herberman et al. (1979) have shown that T cell immunity may come into play only as a relatively late event and may be more important in further resistance to progressive tumor growth. This result is of great importance as far as NK cells are currently used in anti-tumor therapies by suppressing tumor growth (Pietra et al. 2015) .
Besides, macrophages are known to represent a main recognition system for foreign cells, including tumor cells. Their anti-tumor potential is often more efficient than other kinds of immunocompetent cells (Dumont et al. 1988) . The enhancement of tumoricidal activity of macrophages by plants and their polyphenolic compounds has been previously reported. In fact, Oršolić and Bašić (2005) have demonstrated that some polyphenols (caffeic acid, quercetin, chrysin, and naringenin) increase the tumoricidal activity of macrophages against Ehrlich ascite tumor cells. It appears from our study that only the low tested concentrations of both hL7G (1.12 μg/ml) and L7G (1.12 μg/ml, 2.24 μg/ml), induced macrophage cytotoxicity against target B16F10 cells. These data suggest that both hL7G and L7G might interfere moderately with the growth of B16F10 tumor cells, during the early phase of treatment, leading to a considerable elimination of melanoma cells. A possible explanation given by Bucana et al. (1976) suggests that the tested samples induce the expression of an endosomelocalized cytotoxin, which is released onto the tumor cell surface only during cell-cell contact. Another similar proposed mechanism of the macrophage-mediated cytotoxicity is that a soluble factor released by macrophages might alter the integrity of the tumor cell membrane and/or pericellular environment of these cells (Cleveland et al. 1974) .
The low cytotoxicity exhibited by high doses of both L7G and hL7G against melanoma cells should be ascribed to the anti-inflammatory-inducing potential of these molecules, as revealed by their capacity to downregulate both nitric oxide (NO) release by LPS-treated peritoneal macrophages and lysosomal activity of macrophages. It is admitted that infected macrophages release pro-inflammatory mediators such as NO, by the action of inducible NO synthase (iNOS), to exert key functions during immune response (Jakhar et al. 2014) . Compared with LPS, a potent inducer of macrophage NO production (MacMicking et al. 1997) , we demonstrated that both native and heated cynaroside inhibited significantly the release of NO by peritoneal macrophages. This is in accordance with data reported by Ha et al. (2006) and Francisco et al. (2014) . They found that L7G induced weak NO release by LPS-stimulated macrophages. Our findings are similar to those reported by Hu and Kitts (2004) , who showed the inhibitory effect of L7G on nitric oxide production, in LPS-activated RAW264.7 cells.
In recent years, production of a large quantity of NO has been associated with various diseases such as arthritis, autoimmune diseases, and chronic inflammation (Arteel et al. 1999; Moncada et al. 1991) . In fact, excessive amounts of NO can directly inhibit mitochondrial complexes I and IV, activate the enzyme poly-ADP ribose polymerase (PARP), resulting in depletion of cellular energy stores (Liu and Huang 2008) , and damage a wide array of molecules including DNA and proteins (Mokdad-Bzeouich et al. 2016) . Therefore, inhibition of high-output NO production by native or heated L7G could be a potential therapeutic approach for the treatment of various inflammatory diseases.
Destruction of tumor cells by macrophages represents a multistep process involving the activation of macrophages, the recognition and binding to tumor cells, and the production of lysis factors, as lysosomal phosphatase enzymes, which ultimately destroy neoplastic cells (Hamilton and Adams 1987) . The present study showed that both L7G and hL7G decreased lysosomal phosphatase activity and ensured the integrity of the lysosomal membrane, confirming their capacity to treat inflammatory disorders and to reduce the tissue injury induced by lysosomal enzymes.
Previous studies have reported that production of NO induced by LPS is mediated through the induction of iNOS and cyclooxygenase (COX-2) expression, which is in turn regulated by the transcription factors nuclear factor (NF-κB) and activator protein (AP)-1. These two factors are regulated by a cascade of events that leads to the activation of mitogenactivated protein kinases (MAPKs) and protein kinase B (Akt) (Park and Song 2013) . For our part, we believe that L7G and hL7G inhibited Akt phosphorylation, contributing thus to the suppression of both NF-κB and (AP)-1 activities, which results in reduced expression of inflammatory mediators in macrophage cells. Ha et al. (2006) reported that L7G acts as anti-inflammatory element, by inhibiting cytokine release from both LPS-stimulated macrophages and phytohemagglutinin-activated lymphocyte T helper (Th1) cells.
Reactive oxygen species (ROS) are free radicals that contain an oxygen atom. They are formed as natural by-products of the normal metabolism of oxygen and have important roles in cell signaling (Rada and Leto 2008) . Otherwise, as ROS are known to be involved in many diseases and tumor angiogenesis, through the release of vascular endothelial growth factor and angiopoietin (Fiaschi and Chiarugi 2012) , we investigated the antioxidant potential of both native and heated L7G. We obtained an important dose depending on cellular antioxidant activity of L7G in murine macrophages. The present finding corroborates the ideas of Qiusheng et al. (2004) who suggested that L7G exhibits a protective effect against hepatic oxidative injury damage induced by chemicals. Likewise, other studies reported antioxidative effect of L7G (Žemlička et al. 2014) . Surprisingly, heated L7G has significantly greater antioxidant properties than inherent L7G towards peroxyl radical-induced DCFH 2 oxidation in splenocytes. However, Murakami et al. (2004) reported that luteolin-7-glucoside, heated at 100°C for 360 min, has retained 85% of its radical scavenging activity. This weak loss of L7G antioxidant activity should be due to its stability during the heating process.
Our result was confirmed by Dewanto et al. (2002) who reported that heat processing of tomatoes at 88°C induces an increase of its total antioxidant activity. This activity was correlated to increasing lycopene amounts, suggesting that thermal processing enhances the nutritional value of tomatoes by increasing the bioaccessible lycopene content. Similarly, Vallverdu-Queralt et al. (2015) reported that the antioxidant activity and the total carotenoid, α-carotene, β-carotene, and (Z)-lycopene contents in tomatoes increase during their thermal treatment. The above studies highlighted the advantages of eating heated plants, as far as this process increases levels of lycopene isomers which should be responsible for the antioxidant potential of tomatoes, knowing that isomeric forms of lycopene are found in the blood and tissues of humans and animals consuming a lycopene-containing diet (Boileau et al. 2002) . Ettlinger and Yegles (2016) reported a strong increase of cannabinol and benzoylecgonine content in hair after its thermal treatments. This change was due to the conversion of tetrahydrocannabinol into cannabinol and cocaine into benzoylecgonine. On the other hand, Chaaban et al. (2017) reported that degradation of some flavonoids such as rutin, naringin, mesquitol, and eriodictyol, by heat processing, strengthens their antioxidant capacities. In fact, the antioxidant activity of flavonoids is linked to some structural elements, such as the presence of hydroxyl groups at positions 3 and 5, enone structure conjugated with carbonyl group in C4, and ortho-dihydroxy (catechol) structure in the B ring (Chaaban et al. 2017; Procházková et al. 2011 ).
Conclusion
In conclusion, native and thermally treated luteolin-7-glucoside exhibited important immunomodulatory activity. HL7G activates B and T cells more efficiently than native molecules. It enhances the cytotoxicity of NK cells. Besides, both native and heated L7G exhibited comparable antiinflammatory activity. Whereas heated L7G presents higher cellular antioxidant activity than native molecules in splenocytes. Therefore, we suggest that such molecules should be useful in chemotherapeutic treatments of some types of cancer, as adjuvant or in a preventive strategy.
